(ID-8182  296 
UNCLASSIFIED 


SVNTHESIS  AND  MOLECULAR  STRUCTURE  OF  CL0S0-3-<ETA  1/1 

6-CH3C6H5 > -312-FEC2B9H1.  .  <U>  CALIFORNIA  UNIV  LOS 
ANGELES  DEPT  OF  CHENISTRV  AND  BIOCHEHISTR. . 

H  C  KANG  ET  AL.  23  JUN  87  TR-129  F/G  7/2  NL 


Si 


AD- A 182  396 


one  file  coey 


i1 

OFFICE  OF  NAVAL  RESEARCH 


Contract  N00014-85-K-0772 
Work  Unit  No.  4326-808 

TECHNICAL  REPORT  NO.  129 


Synthesis  and  Molecular  Structure  of 
closo- 3-(T}6-CH3C6H5)-3,l,2-FeC2B9H1  j  and 
closo-  3-(ii6- 1 ,4-(CH3)2C6H4)-3, 1 ,2-FeC2B9H j  j 


DTIC 

ELECTE 
JUL  0  1 1987 

ft  D 


by 

j|c 

Han  Chyul  Kang,  Carolyn  B.  Knobler  and  M.  Frederick  Hawthorne 


Prepared  for  Publication 
in 

Inorganic  Chemistry 


University  of  California  at  Los  Angeles 
Department  of  Chemistry  and  Biochemistry 
Los  Angeles,  California  90024 

June,  1987 


Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government 

This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited 


87 


*  * 


Unclassified 


3 % 


REPORT  DOCUMENTATION  PAGE 

la.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

lb  RESTRICTIVE  MARKINGS 

2a.  SECURITY  CLASSIFICATION  AUTHORITY 

3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

2b  DECLASSIFICATION /DOWNGRADING  SCHEDULE 

Distribution  list  enclosed 

4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

129 

6a  NAME  OF  PERFORMING  ORGANIZATION 
UCLA 

Dept,  of  Chem.  &  Biochem. 

6b  OFFICE  SYMBOL 
(If  applicable) 

7a  NAME  OF  MONITORING  ORGANIZATION 

Office  of  Naval  Research 

6c.  ADDRESS  (City.  State,  and  ZIP  Code) 

6115  Young  Hall 

405  Hilgard  Avenue 

Los  Angeles,  CA  90024 

7b  ADDRESS  (City.  State,  and  ZIP  Code) 

Department  of  the  Navy 

Arlington,  VA  22217 

8a  NAME  OF  FUNDiNG /SPONSORING 
ORGANIZATION 

Office  of  Naval  Research 

8b  OFFICE  SYMBOL 
(If  applicable) 

9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

N00014-85-K-0772/RNT  Code:  4135004 

I  8c.  ADDRESS  (City.  State,  and  ZIP  Code )  \ 

10  SOURCE  OF  FUNDING  NUMBERS 

PROGRAM 
ELEMENT  NO 


11  TITLE  (Include  Security  Classification) 

Synthesis  and  Molecular  Structure  of  c£o40-3-(r)°-CH 
(n6-l ,4- (CH3) 2C6Ha)-3  1 1 , 2-FeC2BgH1 1 .  / 


12  PERSONAL  AUTHOR(S) 


PROJECT 

NO 


CH^)- 


-3,l,2-FeC2B9H1;i  and  cloboY 3- 


Han  Chyul  Kang,  Carolyn  B.  Knobler  and  M.  Frederick  Hawthorne 


13b  TIME  COVERED 
FROM  _  TO 


13«  TYPE  OF  REPORT 
Technical  Report 


16  SUPPLEMENTARY  NOTATION 

To  be  published  in  Inorganic  Ch 


DATE  OF  REPORT  (Year.  Month.  Day)  IS  PAGE  COUNT 

06/25/87 


COSATi  CODES 


GROUP  |  SUBGROUP 


18  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 
Arene ,Metallacarborane|Complexi  Ferracarborane  i 


Arene  ,Metallacarborane«Complexi 
Arene'Complex  f  rC„xe^ 


.Cl  {Continue  on  reverse  if  necessary  and  identify  by  block  number) 

The  reaction  of  Kfrpcrfo-y.S-C^B^H^]  with  ferric  chloride  and  triethvlamine  in  ether 
toluene  or  p-x ylene  solution  afforded  neutral  mixed  sandwich  (arene) ferracarborane  complexes 
ceoAO-3-(nt-CH5c6H^)-3,l,2-FeC2B9H17  (1)  or  c£0A0-3-(n£-l ,4-  (CH3) 2CXV3 • 1  ’ 2-FeC2B9Hll  (2), 
respectively.  The  molecular  structures  of  the  complexes  have  been  determined  from  single- 
crystal  X-ray  diffraction  data.  Both  f erracarboranes  adopt  a  closo  geometry  for  the  d, 

MC2B9  icosahedra.  The  arene  rings  occupying  the  other  coordination  sites  of  Fe  are  planar 
and  nearly  parallel  to  the  C2Bi  plane  of  the  carborane  ligand.  Complex  2  crystallized  in  !, 
the  monoclinic  space  group  PZj/C.  with  a  *  7.7452(7),  b  *  8.8974(9),  c  *  19.6596(20)^,  &  * 


90.195(3)  ,  V  *  1355  and  Z  =  4 .  Complex  2  crystallized  in  the  orthorhombic  space  group 
Pna  27  with  a  »  12.862(3),  b  ■=  7.491(2),  c  =  15.002(3)  TT  V  «  1445  Iff  and  Z  -  4. 

[  r.  - 


20  Distribution-  availability  o'  abstract 
OuNCLASSiFiED'UNliMiTEO  □  SAME  AS  RPT  □  D’lC  USERS 


22a  NAME  OF  RESRONSBwE  INDIVIDUAL 
M.  F.  Hawthorne 


00  FORM  1473.  $4  mar  83apr*o  »  >o”  may  be  uved  until  e»n#ust*d 

ah  other  edition*  «re  otnoiete 


121  ABSTRACT  SECuRTY  CLASSIFICATION 

Unclassified 


22b  TElEPmonE  (irxlude  Area  Code)  22c  O^-Ct  SWS... 
(213)825-7378 


1  may  be  uved  u"tr  e«nau»ted  SCCu»  Tv  c.ass  >  Ca’iQN  0>  S  paC- 


'rnmoom 


r.  v. 


if  * 


Synthesis  and  Molecular  Structure  of 
ctoso-3-(ri6-CH3C6H5)-3,U-FeC2B9H11and 
c7oso-3-(Ti6-l,4.(CH3)2C6H4).3,l,2.FeC2B9H11 


Han  Chyul  Kang,  Carolyn  B.  Knobler,  and  M.  Frederick  Hawthorne* 

Department  of  Chemistry  and  Biochemistry 
University  of  California,  Los  Angeles 
Los  Angeles,  California  90024 

Abstract 


.-..cv  iv. i  For 


—it 


!  L  t  iL  1  / 

.  *v  Codes 

i  ' _ 

-  i-l  cl /or 
i  ‘  .  ;'vcul 


The  reaction  of  K[nido-l with  ferric  chloride  and  triethylamine  in  either 
toluene  or  p-xylene  solution  afforded  neutral  mixed  sandwich  (arene)ferracarborane  com¬ 
plexes  c/«jo-3-(ri^-CH3CgH5)-3,l^-FeC2B9Hj  j(l)  or  closo-3-(r\^- 1  ^-(C^^C^H^- 
3,l,2-FeC2B9H j  j(2),  respectively.  The  molecular  structures  of  the  complexes  have  been 
determined  from  single-crystal  X-ray  diffraction  data.  Both  ferracarboranes  adopt  a  closo 
geometry  for  the  d^  MC2B9  icosahedra.  The  arene  rings  occupying  the  other  coordination 
sites  of  Fe  are  planar  and  nearly  parallel  to  the  C2B3  plane  of  the  carborane  ligand.  Complex 
1  crystallized  in  the  monoclinic  space  group  P2 j/c  with  a  -  7.7452(7),  b  *  8.8974(9), 
c  =  19.6596(20)  A,  0  *  90. 195(3)°,  V  *  1 355A3,  and  Z  =  4.  Complex  2  crystallized  in  the 
orthorhombic  space  group  Pna2 j  with  a  -  12.862(3),  b  =  7.491(2),  c  =  15.002(3)  A,  l'  = 
1445  A3,  and  Z  *  4. 


Synthesis  and  Molecular  Structures  of 
jJ'Bjl^-FeCjBjH  jj  and 
ctoso.3.(Ti6-l,4.(CH3)2C6H4).3,l»2.FeC2B9H11 


Han  Chyul  Kang,  Carolyn  B.  Knobler,  and  M.  Frederick  Hawthorne* 

Department  of  Chemistry  and  Biochemistry 
University  of  California,  Los  Angeles 
Los  Angeles,  California  90024 

The  chemistry  of  mixed-sandwich  transition  metal  complexes  of  the  type 
[(r]^-arene)M(T]^-Cp)l  has  been  well  documented  in  the  literature.  *  In  view  of  the  close 
structural  and  electronic  similarity  of  the  dicarbollide  ligand  to  that  of  the  cyclopentadienyl 
ligand, ^  the  former  would  be  expected  to  form  analogous  mixed  ligand  complexes  with 
arenes  and  transition  metals.  However,  only  a  few  of  these  complexes  have  been  reported.  ^ 
As  pan  of  our  ongoing  investigation  of  nietallacarborane  derivatives,  we  have  prepared 
(r^-arenc)fcrracarborane  complexes  incorporating  toluene;  ,2- 

FcC2B9Hjj(1).  orp-xylene;  c/oso-3-(Tj^-l,4-(CH3)2CgH4)-3,l,2-FcC2B9H]  j(2), 
directly  from  the  reactions  of  Klm'do-7,8-C2B9Hj2l-  ferric  chloride  and  triethylamine  in 
either  toluene  orp-xylene  solution.  This  simple  route  for  the  formation  of 
(T^-arenc)fcrracarborane  was  originally  employed  for  the  synthesis  of  boron-substituted 
carborane  cage  derivatives  using  ferric  chloride  promoted  oxidative  coupling  of 
K[mdo-7,8-C2B9Hj2l  with  Lewis  base  L* 

KIm<fo-7,8  C2B9H12]  ♦  2  FeCl3  +  L  —  m'dn-7,8-C2B9H1  jL  +  2  FeCl2  +  HC1  +  KC1 
Both  a  symmetrically  and  an  asymmetrically  substituted  zwitterionic  neutral  carborane,^ 


»*■  *  i.'  ,.*  i*i  i 


nwii?-10-N(C2H5)3*7,8-C2B9Hii6  and  wcre  found  ® 

the  above  reaction  mixture  and  characterized  by  spectroscopic  techniques.  While  complexes 
1, 2  and  triethylamine-substituted  neutral  species  were  obtained  in  low  yield,  the  known 
complex  [  FeHI(r|^-C2B9Hj  i)2l*(3)2b  was  afforded  as  a  major  product.  The  basicity  of 
triethylamine  is  apparently  sufficient  to  deprotonate  the  nido-lfi-C2^gii\2‘  *°n  10  fQrTn  a 
dicarbollide  /i»db-7,8-C2B9H  j  j2*  which  functions  as  a  ligand  in  these  complexes.  When 
less  basic  nitrogen-containing  ligands  such  as  pyridine  and  acetonitrile  were  employed  in  this 
reaction,  ligand  substituted  neutral  carboranes  were  exclusively  formed  in  high  yields.* 

When  ferrous  chloride  was  used  instead  of  ferric  chloride  in  this  reaction,  only  the  iron 
sandwich  complex  3  was  detected.  This  result  suggests  that  the  formation  of  1  and  2  may 
take  place  while  Fe2+  ion  is  supplied  slowly  in  small  amounts  from  the  oxidative  substitution 
reaction  as  a  reduced  species.  The  complexes  I  and  2  are  thermally  stable  neutral  orange 
crystals,  although  their  solutions  show  color  change  after  exposure  to  air  for  three  days. 
Their  1  *B  FT  NMR  spectra  are  consistent  with  those  of  other  q6-arene  metallacarborane 
complexes  of  MC2B9«^a  showing  a  relative  area  ratio  1 : 1 :2:2:2: 1 .  In  Hi  FT  NMR  spectra, 
the  peaks  assigned  to  the  aromatic  ring  protons  exhibit  the  upfield  shift  which  has  been  found 
for  the  protons  of  the  complexed  arenes.^ 

The  structure  of  1  was  determined  by  a  single  crystal  X-ray  diffraction  study  and  the 
molecule  is  illustrated  in  Figure  1.  Selected  interatomic  distances  and  angles  are  listed  in 

figure  1 

Table  I.  Due  to  the  disorder  present  in  the  crystal,  the  bond  distances  and  angles  in  the 

Table  I 

toluene  ligand  in  species  1  could  not  be  determined  accurately.  Thus,  we  decided  to  obtain 
the  structure  of  the  closely  related  complex  2.  The  molecular  structure  of  2  is  illustrated  in 
figure  2  and  selected  interatomic  distances  and  angles  are  listed  in  Table  II.  As  can  be  seen 


Table  D 

in  the  figures,  the  structures  of  1  and  2  exhibit  a  similar  sandwich  type  geometry  with  the 
iron  flanked  by  both  the  arene  ring  and  the  C2B3  face  of  the  C2B9  cage.  C2B3  bonding 
faces  in  1  and  2  are  planar  (maximum  deviation;  0.023  A  and  0.015  A,  respectively)  with 
the  iron  approximately  centered  over  the  ring  at  distances  of  1.494  A  and  1.480  A, 
respectively,  from  the  C2B3  plane.*®  The  iron  atom  is  also  bound  in  a  symmetrical  fashion 
to  the  arene  ring  in  1  and  2  with  distances  of  1.566  A  and  1.575  A  from  the  C5  plane,*  * 
respectively.  The  C6  arene  rings  in  1  and  2  are  also  planar  (maximum  deviation  in  2; 

0.016  A)  and  almost  parallel  to  the  C2B3  plane  with  dihedral  angles  1.8°  and  2.2°, 
respectively.*^  The  average  Fe-C  (arene)  distances  of  2.098(20)  A  in  1  and  2.1 15(9)  A  in  2 
are  similar  to  those  of  other  closo-¥eC^^  arene  complexes;  eg.  2.1 16(10)  A  in  closo-2- 
(n6-CH3C6H5)-1.7-(CH3)2-2,l,7-FeC2B9H913  and  2.123(14)  A  in  closo-3- 
0l6-(CH3)3C6H3)-3,l,2-FeC2B9Hi  1  3a  and  slightly  longer  than  the  average  distance  of 
2.038(9)  A  in  the  smaller  cage  complex  l-(T)6-CH3C5H5)Fe-2,3-(C2H3)2C2B4H4.3c 

The  orientation  of  the  arene  rings  with  respect  to  the  carborane  ligand  is  of  interest  and 
in  Figure  3,  the  arene  and  the  C2B3  rings  of  the  carborane  ligands  in  each  molecule  are 

Figure  3 

projected  onto  a  common  plane.  Both  the  C5  rings  are  staggered  with  respect  to  the 
carbon-carbon  edge  (  C(01)-C(02) ).  In  molecule  1  the  C5  ring  is  eclipsed  with  respect  to 
one  of  the  boron-boron  edges  ( B(04)-B(08) );  however,  in  molecule  2  the  arene  ring  show  s 
a  nearly  eclipsed  arrangement  to  the  other  boron-boron  edge  (  B(07)-B(08) ).  The  orientation 
of  the  methyl  groups  precludes  any  possible  symmetry  in  cither  molecule,  although  the 
methyl  groups  were  expected  to  lie  between  the  carbon-carbon  edge  of  the  C2B3  face.  The 
fact  that  the  orientation  of  one  of  the  methyl  groups  of  xylene  in  2  and  the  methyl  group  of 
toluene  in  1  is  similar,  suggests  that  they  are  energetically  similar  and  that  they  utilize  their 
most  favorable  con  format  ions.  There  are  no  significant  intermolecular  contacts  in  either 
crystal  structure. 


Experimental  Section. 

All  manipulations  were  carried  out  in  an  inert  atmosphere  with  standard  Schlenk 
techniques.  All  solvents  were  purified  by  standard  procedures  and  distilled  under  nitrogen 
prior  to  use.  Trieihylamine  was  distilled  before  use.  Infrared  spectra  were  recorded  using 
KBr  pellets  on  a  Beckman  Model  FT  1 100  FT-IR.  *H  NMR  spectra  were  obtained  using  a 
Bruker  WP-200  FT-NMR  spectrometer  at  200. 1 33  MHz.  J 1 B  NMR  spectra  were  recorded 
on  a  Bruker  AM-500  FT-NMR  spectrometer  at  160.463  MHz.  Elemental  analysis  was 
performed  by  Galbraith  Laboratories,  Knoxville,  TN. 

Preparation  of  c/oso-3-(tj^-CHjCgH^)-3,l,2-FeC2BjH|j  (1).  A  1-L 
three-neck  flask  was  fitted  with  a  reflux  condenser  having  a  gas  outlet,  a  pressure  equalized 
addition  funnel  and  a  gas  inlet  which  was  connected  to  a  nitrogen  manifold.  To  the  flask 
were  added  1.07  g  (6.2  mmol)  of  K[«/do-7,8-C2B9H  12I  along  with  50  mL  of  toluene, 

1 1  mL  of  triethylamine  and  a  magnetic  stir  bar.  The  solution  was  heated  to  reflux  and  a 
solution  of  2. 10  g  (1 3  mmol)  of  anhydrous  ferric  chloride  in  400  mL  of  toluene  was  added 
dropwise  over  a  period  of  1  hr  to  the  refluxing  solution.  The  color  of  the  solution  slowly 
changed  to  dark  red.  After  approximately  15  hr  of  reflux,  the  reaction  mixture  was  cooled 
and  filtered,  and  the  precipitate  washed  with  100  mL  of  hot  benzene.  The  combined  red 
filtrates  were  washed  with  200  mL  portions  of  distilled  water  3  times.  The  washed  toluene 
solution  was  dried  over  anhydrous  magnesium  sulfate,  evaporated  in  vacuo  to  a  volume  of 
20  mL,  and  then  let  stand  for  a  period  of  one  week.  Brown  rod-shape  crystals  were  formed 
(0.035  g,  3  %  yield),  hi  NMR  (ppm,  reference  residual  solvent  protons  =  5.32,  CD2CI2. 
298  K):  6.2  (m,  3H,  aromatic  protons),  6.0  (m,  2H,  aromatic  protons),  3.8  (s,  2H, 
carborane  CH).  2.5  (s,  3H,  CH3).  11 B  NMR  (ppm.  reference  BF3'OEt2,  THF,  298  K): 

0.1,  -3.1,  *9.9,  -11. 1,-21. 2,  -26.3  (  1:1:2.2:21  ). 

Preparation  of  c/oso-3-(n®-l,4-(CH3)2C^ll4)-3,l,2-FcC2B9lf||  (2). 

The  trimethylammonium  salt  of  (n/do^.SC^BqH^rO.lO  g,  15  mmol),  anhydrous  ferric 


chloride  (2.43  g,  13  mmol)  and  20  mL  of  triethylamine  were  treated  with  p-xylene  in  a 
manner  similar  to  that  described  above.  Orange  crystals  were  obtained  (0.13  g,  3.1  % 
yield).  Anal.  Calcd  for  C10H21B9Fe:  C,  40.79;  H,  7.19;  B,  33.05;  Fe,  18.97.  Found: 

C,  40.58;  H,  6.91;  B,  31.71;  Fe,  18.42.  IR:  3039(w),  2613(m),  2530(vs,  br),  1489(m), 
1452(w),  1375(m),  1 106(w),  1016(s),  987(s),  865(w)  cm*1.  *H  NMR  (ppm,  CD2C12, 

298  K):  5.9  (s,  4H,  aromatic  protons),  3.6  (s,  2H,  carborane  CH),  2.4  (s,  6H,  CH3). 

1  !B  NMR  (ppm,  reference  BF3*OEt2,  THF,  298  K):  0.8,  -3.0,  -9.4,  -10.2,  -20.6,  -25.6 
( 1 : 1 :2:2:2: 1 ). 

Collection  and  Reduction  of  X-ray  Data  for  1.  An  air-stable  crystal,  obtained 
from  toluene  solution,  was  mounted  on  a  thin  glass  fiber  on  a  diffractometer  constructed  by 
Professor  C.  E.  Strouse  of  this  department.  Systematic  absences  were  found  for 
reflections  0A0,  k  =  2n  +  1,  and  for  M)/,  /  =  2n  +  1 .  Unit  cell  parameters  were  determined 
from  a  least-squares  fit  of  43  accurately  centered  reflections  (9.5°  <  26  <20.5°).  These 
dimensions  and  other  parameters,  including  conditions  of  data  collection,  are  summarized  in 
Table  III.  Data  were  collected  in  the  6-  26  scan  mode.  Three  intense  reflections  (2,0,6), 
(2,0,-6),  and  (2,3,-l)  were  monitored  every  97  reflections  to  check  stability.  Intensities  of 
these  reflections  fluctuated  only  slightly,  ca±A%,  during  the  course  of  the  experiment.  Of 
the  2386  unique  reflections  measured,  1588  were  considered  observed  (/  >  3  a(J))  and  were 
used  in  the  subsequent  structure  analysis.  Data  were  corrected  for  Lorentz  and  polarization, 
but  not  for  absorption  effects.  Programs  used  in  this  work  include  locally  modified  versions 
of  the  programs  listed  in  the  reference  section.1^ 

Solution  and  Refinement  of  the  Structure  of  1.  Atoms  were  located  by  use  of 
the  heavy-atom  method.  Although  they  are  not  quite  identical,  reflections  hkl  and  hk-l  are 
similar  in  magnitude.  Fe  lies  approximately  in  a  "mirror"  plane  which  bisects  the  C2B9 
icosahedron  giving  positional  overlap  with  large  thermal  ellipsoids.  The  arene  is  disordered 
about  this  plane.  All  calculations  were  performed  on  the  VAX  1 1/750  crystallographic 


.'-w.v.v  ■. 


computer.  All  carborane  hydrogen  atoms  were  kept  in  located  positions  and  all  arene 
hydrogen  atoms  were  included  in  calculated  positions,  C-H  s  1.0  A,  with  assigned  u  values 
of  0.04  and  0.1 1  A^  for  cage  and  ring  and  for  methyl  H,  respectively.  Anisotropic  thermal 
parameters  were  refined  for  Fe  and  for  cage  non-hydrogen  atoms.  The  arene  was  refined  in 
2  positions  with  occupancies  x  and  1-x  which  refined  to  about  60/40.  Each  arene  ring  was 
constrained  to  be  a  rigid  hexagon,  C-C  =  1.395  A,  and  each  methyl  group  was  constrained 
to  be  tetrahedral,  H-C-H  =  109.5°.  Scattering  factors  for  H  were  obtained  from  Stewart  et 
al.  1  ^  and  for  other  atoms  were  taken  from  The  International  Tables  for  X-ray 
Crystallography.  Anomalous  dispersion  terms  were  applied  to  the  scattering  of  Fe.  A 
final  difference  electron  density  map  was  essentially  featureless,  the  maximum  and  minimum 
peaks  being  about  0.7  e/A^.  Final  positional  and  thermal  parameters  for  non-hydrogen 
atoms  are  given  in  Table  IV. 

Collection  and  Reduction  of  X-ray  Data  for  2.  An  air-stable  crystal,  obtained 
from  THF/heptane  solution,  was  mounted  on  a  thin  glass  fiber  on  a  diffractometer 
constructed  by  Professor  C.  E.  Strouse  of  this  department.  Systematic  absences  were  found 
for  reflections  Old,  k  +  l  =  2n  +  1 ,  and  for  hOl,  h  =  2n  +  1.  Unit  cell  parameters  were 
determined  from  a  least-squares  fit  of  22  accurately  centered  reflections  (9.5°  <  26  <  18°). 
These  dimensions  and  other  parameters,  including  conditions  of  data  collection,  arc 
summarized  in  Table  III.  Data  were  collected  in  the  0  -  20  scan  mode.  Three  intense 
reflections  (1,1,3),  (3,-1, 2)  and  (3, 1,-2)  were  monitored  every  97  r  flections  to  check 
stability.  Intensities  of  these  reflections  fluctuated  only  slightly,  cat  3%,  during  the  course 
of  the  experiment.  Of  the  978  unique  reflections  measured,  848  were  considered  observed 
(/  >  3  0(0)  and  were  used  in  the  subsequent  structure  analysis.  Data  were  corrected  for 
Lorentz  and  polarization,  but  not  for  absorption  effects.^ 

Solution  and  Refinement  of  the  Structure  of  2.  Atoms  were  located  by  use  of 


the  heavy-atom  method.  All  calculations  were  performed  on  the  VAX  1 1/750 


crystallographic  computer.  All  carborane  hydri  gen  atoms  were  kept  in  located  positions  and 
all  xylyl  hydrogen  atoms  were  included  in  calculated  positions,  C-H  =  1.0  A,  with  assigned 
B  values  of  4.0  and  7.0  A^  for  cage  and  ring  and  for  methyl  H,  respectively.  Anisotropic 
thermal  parameters  were  refined  for  Fe  and  for  arene  non-hydrogen  atoms.  Scattering 
factors  for  H  were  obtained  from  Stewart  et  al}^  and  for  other  atoms  were  taken  from 
The  International  Tables  for  X-ray  Crystallography.  ^  Anomalous  dispersion  terms  were 
applied  to  the  scattering  of  Fe.  A  final  difference  electron  density  map  was  essentially 
featureless,  the  maximum  and  minimum  peaks  being  about  0.6  e/A^.  Final  positional  and 
thermal  parameters  for  non-hydrogen  atoms  are  given  in  Table  V. 
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Table  I.  Selected  Bond  Distances  and  Angles  for  1. 


Bond  Distances  (A) 


Fe(03) 

-  C(01) 

2.043(13) 

Fe(03) 

-  C(02) 

2.049(13) 

Fe(03) 

-  B(04) 

2.082(15) 

Fe(03) 

-  B(07) 

2.065(15) 

Fe(03) 

-  B(08) 

2.140(14) 

Fe(03) 

-  C(31) 

2.09  (  2) 

Fe(03) 

-  C(32) 

2.082(16) 

Fe(03) 

-  C(33) 

2.090(10) 

Fe(03) 

-  C(34) 

2.11  (  2) 

Fe(03) 

-  C(35) 

2.11  (  2) 

Fe(03) 

-  C(36) 

2.105(11) 

C(01) 

-  C(02) 

1.60  (  2) 

C(01) 

-  B(04) 

1.67  (  2) 

C(01) 

-  B(05) 

1.70  (  2) 

C(0 1) 

-  B(06) 

1.72  (  2) 

C(02) 

-  B(06) 

1.73  (  2) 

C(02) 

-  B(07) 

1.69  (  2) 

C(02) 

-  B(1 1) 

1.67  (  2) 

B(04) 

-  B(05) 

1.78  (  2) 

B(04) 

-  B(08) 

1.76  (  2) 

B(04) 

-  B(09) 

1.82  (  2) 

B(07) 

-  B(08) 

1.75  (  2) 

B(07) 

-  B(ll) 

1.80  (  2) 

B(07) 

-  B(12) 

1.80  (  2) 

B(08) 

-  B(09) 

1.78  (  2) 

B(08) 

-  B(12) 

1.81 

(  2) 

Bond  Angles  (deg) 

C(01) 

Fe(03) 

C(02) 

46. 1(  5) 

C(01) 

Fe(03) 

B(04) 

’W' 

00 

6) 

C(01) 

Fe(03) 

B(07) 

81.9(  6) 

C(01) 

Fe(03) 

B(08) 

to 

(N 

00 

5) 

C(01) 

Fe(03) 

C(35) 

97.9(  6) 

C(01) 

Fe(03) 

C(36) 

103.6( 

6) 

C(02) 

Fe(03) 

B(04) 

82.0(  6) 

C(02) 

Fe(03) 

B(07) 

vO 
o 6 

5) 

C(02) 

Fe(03) 

B(08) 

82.9(  5) 

C(02) 

Fe(03) 

C(31) 

100.1( 

6) 

C(02) 

Fe(03) 

C(36) 

100.0(  6) 

B(04) 

Fe(03) 

B(08) 

49. 3( 

6) 

B(04) 

Fe(03) 

C(34) 

92.9(  6) 

B(04) 

Fe(03) 

C(35) 

104.5( 

6) 

B(07) 

Fe(03) 

B(08) 

49. 3(  5) 

B(07) 

Fe(03) 

C(31) 

100.5( 

6) 

B(07) 

Fe(03) 

C(32) 

94. 4 (  6) 

B(08) 

Fe(03) 

C(32) 

103.5( 

6) 

B(08) 

Fe(03) 

C(33) 

92. 2(  6) 

C(3I) 

Fe(03) 

C(32) 

39. 1( 

6) 

C(31) 

Fe(03) 

C(36) 

38.9(  6) 

C(32) 

Fe(03) 

C(33) 

39. 1( 

6) 

C(33) 

Fe(03) 

C(34) 

38.8(  6) 

C(34) 

Fe(03) 

C(35) 

w 

00 

On 

6) 

C(35) 

Fe(03) 

C(36) 

38.6(  6) 

C(02) 

C(01) 

B(04) 

111.7(10) 

C(01) 

C(02) 

B(07) 

109.6(10) 

C(01) 

B(04) 

B(08) 

106.4(10) 

C(02) 

B(07) 

B(08) 

107.1(10) 

B(04) 

B(08) 

B(07) 

105.0(10) 

Table  II.  Selected  Bond  Distances  and  Angles  for  2. 


Bond  Distances  (A) 


Fe(03) 

-  C(01) 

2.040(10) 

Fe(03) 

-  C(02) 

2.044(11) 

Fe(03) 

-  B(04) 

2.116(11) 

Fe(03) 

-  B(07) 

2.104(13) 

Fe(03) 

-  B(08) 

2.110(11) 

Fe(03) 

-  C(31) 

2.130(  9) 

Fe(03) 

-  C(32) 

2.095(  9) 

Fe(03) 

-  C(33) 

2.094(  9) 

Fe(03) 

-  C(34) 

2.132(  9) 

Fe(03) 

-  C(35) 

2. 1 1 3(  9) 

Fe(03) 

-  C(36) 

2.127(  9) 

C(01) 

-  C(02) 

1.633(13) 

C(01) 

-  B(04) 

1.706(14) 

C(01) 

-  B(05) 

1.721(16) 

C(01) 

-  B(06) 

1.742(16) 

C(02) 

-  B(06) 

1.719(15) 

C(02) 

-  B(07) 

1.706(15) 

C(02) 

-  B(1 1) 

1.700(15) 

B(04) 

-  B(05) 

1.797(15) 

B(04) 

-  B(08) 

1.772(15) 

B(04) 

-  B(09) 

1.752(15) 

B(05) 

-  B(06) 

1.745(17) 

B(05) 

-  B(09) 

1.736(15) 

B(05) 

-  B(10) 

1.736(16) 

B(06) 

-  B(10) 

1.764(15) 

B(06) 

-  B(ll) 

1.783(16) 

B(07) 

-  B(08) 

1.797(17) 

B(07) 

-  B(1I) 

1.788(17) 

B(07) 

-  B(12) 

1.760(17) 

B(08) 

-  B(09) 

1.806(15) 

B(08) 

-  B(12) 

1.808(15) 

B(09) 

-  B(10) 

1.746(15) 

B(09) 

-  B(12) 

1.777(15) 

B(10) 

-  B(1 1) 

1.791(16) 

B(10) 

-  B(12) 

1.811(15) 

B(1 1) 

-  B(12) 

1.757(15) 

C(31) 

-  C(32) 

1.404(13) 

C(31) 

-  C(36) 

1.416(14) 

C(31) 

-  C(37) 

1.523(17) 

C(32) 

-  C(33) 

1.417(14) 

C(33) 

-  C(34) 

1.430(16) 

C(34) 

-  C(35) 

1.379(13) 

C(34) 

-  C(38) 

1.515(15) 

C(35) 

-  C(36) 

1.427(14) 

Bond 

Angles  (deg) 

C(01) 

Fe(03) 

C(02)  47.14(38) 

C(01) 

Fe(03) 

B(04)  48.40(41) 

C(01) 

Fe(03) 

B(07)  83.90(46) 

C(01) 

Fe(03) 

B(08)  83.76(40) 

C(01) 

Fe(03) 

C(35)  100.39(36) 

C(01) 

Fe(03) 

C(36)  98.31(38) 

C(02) 

Fe(03) 

B(04)  82.56(44) 

C(02) 

Fe(03) 

B(07)  48.53(41) 

C(02) 

Fe(03) 

B(08)  83.39(42) 

C(02) 

Fe(03) 

C(31)  96.80(41) 

C(02) 

Fe(03) 

C(36)  103.99(40) 

B(04) 

Fe(03) 

B(08)  49.59(40) 

B(04) 

Fe(03) 

C(34)  94.76(43) 

B(04) 

Fe(03) 

C(35)  98.95(43) 

Table  n.  continued 


B(07) 

Fe(03) 

B(08) 

50.48(46) 

B(07) 

Fe(03) 

C(31) 

B(07) 

Fe(03) 

C(32) 

91.19(45) 

B(08) 

Fe(03) 

C(33) 

B(08) 

Fe(03) 

C(34) 

101.95(41) 

C(31) 

Fe(03) 

C(32) 

C(31) 

Fe(03) 

C(36) 

38.85(37) 

C(32) 

Fe(03) 

C(33) 

C(33) 

Fe(03) 

C(34) 

39.53(42) 

C(34) 

Fe(03) 

C35) 

C(35) 

Fe(03) 

C(36) 

39.34(40) 

C(02) 

C(01) 

B(04) 

C(01) 

C(02) 

B(07) 

112.13(87) 

C(01) 

B(04) 

B(08) 

C(02) 

B(07) 

B(08) 

104.18(86) 

B(04) 

B(08) 

B(07) 

Fe(03) 

C(31) 

C(37) 

130.55(87) 

C(32) 

C(31) 

C(36) 

C(32) 

C(31) 

C(37) 

120.16(89) 

C(36) 

C(31) 

C(37) 

C(31) 

C(32) 

C(33) 

120.25(92) 

C(32) 

C(33) 

C(34) 

Fe(03) 

C(34) 

C(38) 

131.29(72) 

C(33) 

C(34) 

C(35) 

C(33) 

C(34) 

C(38) 

119.02(94) 

C(35) 

C(34) 

C(38) 

C(34) 

C(35) 

C(36) 

121.49(92) 

C(31) 

C(36) 

C(35) 

104.93(45) 

91.53(42) 

38.80(35) 

39.54(39) 

37.91(35) 

110.60(82) 

105.63(77) 

107.42(77) 

120.00(88) 

119.74(84) 

119.79(88) 

1 19.37(96) 

121.55(108) 

119.02(83) 


Table  ID.  Details  of  Crystallographic  Data  collection. 


compound 

1 

2 

temp/K 

298 

298 

crystal  size/mm 

0.13x0.26x0.45 

0.2  x  0.3  x  0.4 

normal  to  faces 

101. 103,010 

100,010,001 

appearance 

parallelepiped 

parallelepiped 

radiation 

(graphite  monochromator) 

Mo  Ka 

MoKa 

wavelength/A 

0.7107 

0.7107 

space  group 

P2jlc 

Pna2j 

a/k 

7.7452(7) 

12.862(3) 

b/k 

8.8974(9) 

7.491(2) 

c/k 

19.6596(20) 

15.002(3) 

fH deg 

90.195(3) 

v/A3 

1355 

1445 

z 

4 

4 

p  (calcd)/g  cm'^ 

1.37 

1.35 

p/cm'^ 

10.8 

10.2 

scan  width,  below  Kaj 

1.3 

1.3 

above  Kct2 

1.6 

1.6 

scan  rate/deg  min'  * 

3.0 

3.0 

number  of  unique  reflections 

2386 

978 

number  of  observed 
(/  >  3  a  (/))  reflections 

1588 

848 

26  max/deg 

50 

45 

data  collected 

+h,  +k,  ±1 

+h,  +k ,  +/ 

number  of  parameters 
refined 

148 

125 

R 

0.08 

0.045 

Rw 

0.11 

0.056 

COF 

3.49 

1.81 

Table  IV.  Positional  and  Equivalent  Isotropic  Thermal  Parameters  for  1. 


Atoa 

m 

J 

s 

<u  l^uind> 

F«(l) 

0.2495(  3) 

0 . 1931 (  1) 

0.9035(  1) 

0.065 

•(08) 

0.2490(17) 

-0.0465(16) 

0.9127 (  7) 

0.066 

C(02) 

0.3523(16) 

0.1465(15) 

0.8099(  6) 

0.073 

»(04) 

0.0682(19) 

0.0345(18) 

0.8722(  7) 

0.074 

•(07) 

0.4284(18) 

0.0350(17) 

0.8729(  7) 

0.070 

C(01) 

0.1453(17) 

0.1447(16) 

0.8104(  7) 

0.074 

•(10) 

0.2486(23) 

-0.1374(22) 

0.771 1(  9) 

0.084 

•(12) 

0.3657(22) 

-0.1535(20) 

0.8497(  9) 

0.081 

•(09) 

0.1399(21) 

-0.1533(19) 

0.8490(  8) 

0.078 

B(ll) 

0.4257(21) 

-0.0213(20) 

0. 7847(  8) 

0.081 

•(05) 

0.0639(21) 

-0.0240(20) 

0. 7855(  8) 

0.085 

B(06) 

0.2462(23) 

0.0511(21) 

0.7455(  9) 

0.088 

C(36) 

0.268(  3) 

0 . 4  29 (  1) 

0.9033(5) 

0.035(4) 

* 

C(35) 

0.103(  3) 

0.388(  1) 

0.9247(5) 

0.063(6) 

* 

C(34) 

0.083(  3) 

0.284 (  1) 

0.9773(5) 

0.069(6) 

* 

C(33) 

0. 229(  3) 

0.222(  1) 

1.0086(5) 

0.050(5) 

* 

C(32) 

0.393(  3) 

0. 263(  1) 

0.9872(5) 

0.053(5) 

* 

C(31) 

0.413(  3) 

0.367(  1) 

0.9346(5) 

0.055(5) 

* 

C(21) 

0.182(  5) 

0.424(  2) 

0.904(  1) 

0.03(  1) 

* 

C(22) 

0.360(  5) 

0.406(  2) 

0.911(  1) 

0.06(  1) 

* 

C(23) 

0.427 (  5) 

0.309(  2) 

0.961  (  1) 

0. 14(  2) 

* 

Table  IV.  (continued) 


Atom 

a 

7 

a 

<u  *quar*4> 

C<24) 

0.315(  S) 

0. 229 (  2) 

1.003(  1) 

o 

■ 

o 

1)  * 

C(  25  ) 

0.137(  5) 

0.246(  2) 

0.996(  1) 

W 

•A 

O 

• 

o 

1)  * 

C(26) 

0.070(  5) 

0.344(  2) 

0.946(  1) 

o 

• 

o 

>4 

1)  * 

C(37) 

0.604(  3) 

0.390(  3) 

0.916(  1) 

0.10( 

1)  * 

C(37') 

-0.107(  4) 

0.386(  4) 

0.918(  2) 

0.07( 

1)  * 

Carbons  from  C(31)  to  C(37)  are  of  the  arene  in  the  position  of  major  occupancy. 
Carbons  from  C(21)  to  C(26)  and  COT)  belong  to  the  disordered  arene  in  the  position  of 
lower  occupancy.  Units  of  <u  Squared>  are  A2.  Units  of  each  E.S.D.,  in  parentheses, 
are  those  of  the  least  significant  digit  of  the  corresponding  parameters.  *  Denotes  an  atom 
refined  with  an  isotropic  thermal  parameter.  Other  isotropic  values  are  [1  /  8  n2]  times 
the  "equivalent  B  value"  few  an  anisotropic  atom,  as  defined  by  W.  C.  Hamilton  (1959) 


Table  V.  focibona)  and  Equivalent  Isotropic  Thermal  Parameter!  for  2. 


Atom 

X 

y 

Z 

UxlOE4 

r«(03> 

0.1710( 

1) 

0.0889( 

1) 

0.0000 

320(  6) 

C(01) 

0.2203( 

•  ) 

0.2532( 

U) 

-0.0999( 

6) 

437(25)* 

C(02) 

0.201 1( 

•  ) 

0.0476( 

16) 

-0.1322( 

7) 

433(25)* 

»(04) 

0.1 i 25 ( 

•  ) 

0.3350( 

14) 

-0 .047 8( 

8) 

389(25)* 

•(05) 

0.1416( 

9) 

0.3923( 

15) 

-0.1614( 

8) 

448  (  29)* 

»(06) 

0.2014( 

9) 

0.2 105( 

16) 

-0.2129( 

9) 

477(29)* 

•(07) 

0.08l7( 

10) 

-0.0299( 

18) 

-0.1014( 

8) 

454(34)* 

»(0«) 

0.0216( 

•  ) 

0. 1 5  72 ( 

13) 

-0.0470( 

8) 

387(24)* 

»(09) 

0.0166( 

•  ) 

W 

O 

• 

O 

15) 

-0 . 1 307 ( 

7) 

424(26)* 

»(10) 

0.0t>M( 

•  ) 

0.2571( 

16) 

-0.2317( 

•  ) 

454(28)* 

»(11) 

0.110K 

•  ) 

•n 

•-* 

o 

• 

o 

15) 

-0.2U0( 

8) 

431(28)* 

»(12) 

-0.0049( 

•  ) 

0.1048( 

16) 

-0 . 1624( 

7) 

403(25)* 

C(31) 

0. 2669( 

7) 

-0.1205( 

13) 

0.0497( 

6) 

430(57) 

C(  32) 

0. 1634( 

7) 

-0 . 1441 ( 

13) 

0.0770( 

6) 

431(55) 

C(33) 

0. 1097( 

•  ) 

-0.0040( 

15) 

0. 1207( 

6) 

445(63) 

C(34) 

0. 161 3( 

8) 

0. 16 18( 

15) 

0. 1 371 ( 

6) 

457(59) 

C(  35) 

0 .261 7( 

•  ) 

0. 1855( 

14) 

0. 1071 ( 

7) 

491(64) 

C(36) 

0.3169( 

7) 

0.0457( 

16) 

0.063 1( 

6) 

451(60) 

C(37) 

0.3237( 

7) 

-0.2698( 

14) 

0.0009( 

13) 

671(59) 

C(38) 

0.1024( 

10) 

0. 3104( 

16) 

0. 1834( 

8) 

741(86) 

Ueq  *  I  1  /  6  J  *  ££Pjj*,aj  •  Denotes  an  atom  refined  with  an  isotropic  thenna! 

parameter. 


Figure  Captions 

Figure  1.  Molecular  structure  erf  ,2-FeC2B9Hj  j(l)  showing 

atom-labeling  scheme.  All  hydrogen  atoms  have  been  omitted  for  clarity. 

Figure  2.  Molecular  structure  of  c/o4o-3-(T^^-l,4-(CH3)2CgH4)-3,l,2-FeC2B9H1  j(2) 
showing  atom-labeling  scheme.  All  hydrogen  atoms  have  been  omitted  for  clarity. 

Figure  3.  Projections  of  arene  rings  onto  carborane  C2B3  planes. 
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